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T I  TAIL FOR AN x - m n  MODZL IN STEADY ROLL 

INCLU!IING SO!@ EFFECTS OF WING-TIi? STORES 

By  Donald R. Riley 

An  investigation  has  bee2 d e  in  Lhe  -gley  stabilfty  tunnel to 
deterpLne  the  combined  effect of wing  and  wing-body  interference  on  the 
coEtribution  of  an  x-tail  configwation  to  the  low-speed  rolling- 
skbility derivatives of an  eir-ghne  model  having e a  wswept midwFng 
and  to  indicate  the  change  due  to  roll  in  the  local flaw engularity  at 
a number  of  stetions  ecross the tEil  surfaces  for  one-half 02 the  x-tail. 

The results  of  the  investigation  indicated  that  zdding  the  wing or 
the  wing with tis  stores  to  the  fuselage-tail  conbination  reduced  the 
x-tail  contribution to the  damping  in  roll  to  about  one-third  of  the 
mmilzble dng-off value for acgles of attack  of  the  model less than 100. 
The  air-flcw aqqlarity meescremects mde in  %he  regLon  of  the  tail  for 
&the  xi-ng-on  configurations  in  stezdy  roll  at  zero mgle of attack  indi- 
cated  that  the  outboard  half  of  each of the  two  surfaces  surveyed  pro- 
duced dmping i~ roll. For the  inboard half of each  of  these  surfaces, 
however,  the  angularity  due  to r o l l  wzs such  as  to  produce  roments in 
the  directior- of roll. The two tail  surfaces  investigated  were  the 
upper  right  and  the  lower  left  when  the  model is viexed  from  th, rem. 
Increasing  the  angle os" attack  shifted  the  spenwise  location  for  the 
reversal  in  lozd  due to roll in a direction  outboard f o r  the  surface 
zbove  the  fuselage  and  inboard  for  the  surface belo. the  fuselage. 

INTRODUCTION 

Several  investigations,  such  as  references 1 and 2, have  pointed oizt 
thet  for  an  airplane  in  stezdy roll the  effect  of  wing  interference  at 
the  vertical  tail  provides importat chmges in some of the rotery 
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ska'cility  derivatives,  particuizrly  for  the  yewing  moment  due  to  roll. 
These  chznges  in  the  derivatives  &Je  to  wing  interference  are  the  result 
of  sidevash  at  the  verticsl  tail  that  is  cxused  by  the  antisymmetrical 
:.ring  loe.dir?g  due  to r o l l .  Sore work on  missile  configurstions  (refs. 3 .I 

m d  4) hes sho;*T- thzt  the  tail  contribution  to  the  damping  in  roll  can 
be  reduced as a result of adding a wing  to a body-ta+l  combination.  Sim- 
ilu: interference  effects  can  be  expected  to  occur  on  some  present-day 
airplme designs  thet  use  uncolrventional  errangements of tail  surfaces 
sxk zs,  for exmpie, the  V-tail  and  the  x-tail.  These  ioterference 
effects  pzre of especial  interest for those  airplanes hwing tail spms 
c d  teil  areas  that m e  large  in  comparison  with  those  of  the  xing. For 
such  configuations, a division  of  the  lozd  due to roll  between  the  wing 
and  tail  would  also  be  desirable for structural  desip-  purposes. 

l3e  $resent  low--speed  investigation  was  made  to  determice  the  com- 
bired  effect of wing  and  wing-body  interference  on  the  tail  contribution 
of  an  x-tailed  airplzne  configuration  in  steady r o l l  and to  provide  me&+ 
mements oI" the chmge in t'le locel  flow anghrity due to roll  at a nun- 
ber ol" stations  across  the  tail  surfaces  for  one-half  of  the  x-tail.  The 
present  investigation,  in  addition,  inclrzdes  the  effect  of  adding  exter- 
nal  stores  to  the  wing  tips. 

SYMBOLS 

The  force m d  rr-oment  data  presented  herein  ere  in  the Corn? of  stand- 
ard  coefficients  vhich  are  referred to %he  stability  system of axes  with 
the  origin  located on the  fuselage  center  line  et  the  longitudinal  posi- 
tion 0" the qmrter chord of the  wing mem aerodynamic  chord.  The  posi- 
tive  directions  of  the  force  and  moment  coefficients,  angles,  and an@- 
lar  veioctties  are s'r-0-wn in  figure 1. The  coefficients  and  symbols  are 
defined  as I"ollows : 

CL 

cD drag  coefficient, - 9rag 

@w- 

cy lateral-force  coefficient, kteral force 
q s ,  

cl rolling-xonent  coefficien5, O_s,JbW 
Rolling  noment 

cm pitching-xom%t  coefficient, Pitching  moment 
q w w  
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yzwing-moment coefficient, Yawing  moment 
S S i b  

free-stream  velocity 

mass density of eir 

aspect  ratio, b2/S 

span,  xeas-ared  Fe-rpendicular t o  fuselage  center  line 

glaT1"form zrea 

chord, measu_red perallel   to  fuselage  center  l ine  (see  f ig.  3) 

mezn aerodynmic  chord, - Ibj2 c2dy 
s,O 

spanvise  coordinate measured perpendicular t o  fuselage  center 
l i ne  

t a i l  lengtc,  distance from querter chord of  wing meen eerodymmic 
chord t o  q-dmter chord of t a i l  mean aercdynanic  chord measured 
pEral le l to   fuselage  center   l ine 

mgle  of at tack of fuselage  center  line, deg 

local  angle of ettack of t e i l  or  local  air-flow ar?gle re la t ive 
t o  t a i l  chord a t  EIIY spav i se   s t a t ion  of tril  meas-med i n  a 
plane  perpendicular to surface,  gositive when producing  posi- 
t ive lift on tail,  radians 

rolling  angular  velocFty 

wing-tip helix engle, r d i a n s  

flow angdarity  derivative or rate of chmge of local  angle of 
atteck a t  s ta t ion  on t a i l  vith wing-tip  helix  angle 
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Subscripts : 

x re fers   to  wing 

t re fe r s   t o  t a i l  

me AAle test  configurations and the  designations used in  identifying 
the data 02 %he figures are as r ”o l1ms: 

F fuselage 

F + T  fuselage w i t h  x- ta i l  

W + F wing with f usehge 

W + F -I- S xing :*ith fuselage and t i p  stores 

W + F + T  wing with fuselage and x- ta i l  

W + F + S f T wing w i t h  fuselcge, t ip   s tores ,  and X - t a i l  

APPARATUS AND MDEL 

The t e s t s  were made in  the  6-foot-dimeter  rolling-flog test section 
of the Langley stabil i ty  tunnel.  This tes t   sect ion i s  equipged with a 
motor-driven rotor  located upstream of the model. When i n  operstion, 
the rotor imparts a t w i s t  t o  the airstrean;.  such that a xodel mounted 
r igidly a t  the test  location is i n  a field of flow si-milar t o  that which 4 

exis ts  about 831 a i r p h n e   i n  flight rol l ing about i ts  longitudinal sta- 
b i l i ty   ax is .  (See ref.  5. 
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The radel  used in the :resent investigation was designed t o  permlt 
t e s t s  of the  fuseiege  alone ar_d i n  combrnation with  the wing, the x-tail,  
or both. For the wing-on configuration,  the  nodel was tes ted w i t h  and 
without  external  stares mounted a t   t he  wing t ips .  A drawing of tine com- 
gle te  model i s  presented zs figure 2. A l i s t  of the geometric charecter- 
i s t i c s  of  tine various component parts is  given in   t ab le  I. Details of 
the wing  and ta i l  profiles and 2 table of ordinetes f o r  the fuselage is 
presented  as  ftgtire 3 .  A photograph of the comslete model  mounted in   the 
tunnel i s  presented as f i g w e  4. 

For the  tests  the model vas nounted on e single  support s t r u t  which 
w a s  shielded by a fa i r ing  of circular  cross  section. Tkre forces and 
moments exerted on the model were measured  by  means of a six-component 
electrosrech.nica1  balarlce. The flow  engles in  the  region of the ta i l  
were xeasured by  means  of a 3/16-inch-dia~eter  pitot-static yaw head 
tabe vhick? vas mounted from the fuselage base. The pressure  leads were 
permitted t o  t r a i l  downstream with  the wiod fo r  a distance of about one 
wiEg spm and -were theE brought  through  a 72- inch-diameter  pipe  spm-ing 

the t m e l   j e t .  

Flow-mgle measurements  were obtained  for only two of tne four 
exposed t a i l  surfaces. These two surfaces k-ere the lower l e f t  and upper 
r igh t  when the  nodel is viewed from the  rem a d  hzve been  designated 
herein  as  surfaces A and B, respectively. Tfie measurem-ents  were d e ,  
of course,  with  the  x-tail removed. A t  each  spanwise t e s t  stz;tion,  the 
axis of the yaw-heed tube ves alined w i t h  t h e   t a i l  chord and the or i f ices  
were oriented so t ha t  flow-angle measuremefits were obtafned i n  a plene 
pa ra l l e l  t o  the  fuselage  center  line and perpendicular t o  the tail-chord 
plane. 

TESTS 

Tne t e s t s  were made E t  z mamic  pressure of 39.7 pounds per  square 
foot which corresponds t o  a Mach nmber of &bout 0.166 end a Reynolds 
amber,  based on the wing mean eerodynanic  chord, of 1.1 x lo6. 

The f'uselzge alone and with  the  ving, X - t a i l ,  and t ip-stores i n  v m -  
ious combinations w e s  tested through an mgle-of-attack  range from -40 
t o  2 4 O  in   s t ra ight  flow and from -40 t o  200 i n   ro l l i ng  flow. All t e s t s  
were mede at  &_n_ angle of sldeslip of Oo. For the strzight-flow' tests (2 = 0). the lift, drag, and gitchtng moxents  were  measured. The deta 

obtained in   ro l l i ng  flaw at  several  values of - '%r were used to  obtein 2v 



the  laterel-force, yewiEg-mxent, ar,d rolling-xoment  derivatives wi'th 
respect  to  ving-tip  helix  angle. The t e s t  values of - pbTJ were _f0.0137, 

S.0274, and 20.0412. 
2v 

For these  vahes of - and f o r  a value of zero, -&e local  angles Pb-i 
2v 

of a t tack of t h e   t a i l  >:ere rreasu-red by xems of EL yav head tube. D ~ t a  
were recorded a t  16 spmwise  sketions  for  one-hh" of the X-tail through 
an angle-of-attack  range from -40 t o  16O i n  increments cf 20. m-e spm- 
wise stations correspor&ed to   vahes  of y Tram 3 t o  10 inckes a t  1-inch 
Fn5ervals f o r  bo31 surfece A and s-rface B. The measwed values of at 
were s lo t ted  =.gainst wing-tig helix  angle and values for tine derivative - 
- >.?ere obtalned for  each of' the 16 spanwise s ta t ions  for  each  angle d=t 

3 -  Pa, 
2v 

of et tack of the model. 

The angle of attack end the  coefficients of drag,  pitching rnonent, 
and ro l l ing  mozent  heve been corrected for t m e l  vall effects.  The 
da%a Ere not corrected f o r  blocking or scpsort-strut  interference  since 
lprevious experience  indicated  these  correc-lims  to be smll. Lq addl- 
tio_r, no correcttozs were apslied t o  %he airstreaim mgularity  xeaswe- 
rnents a': the t a i l  to   aczomt  for  tl;n-rlel wall effects  on the Xing >;&e 
since it vas f e l t  th&t thFs effect  on CIe flow-mgulari-ly  derivative 
wo 'Ad  Be smll. 

Skatic  Longitdinal  Characteristics 

-B-e l i f t ,  drag, End pitching-moment coefficients for the  vzrious 
rlodel configwetions Tit2 the wing on m e  presented i n  f igure 5 m d  the 
correspondicg d a h   f o r  the fuselage  alone and with  the x-ka'l ere given 
as f;g-ure 6. The resul ts   for  the wlng-on configurations show tha t  a 
smLi-1 velxe of lift ccefflcient w a s  obtatned a t  a = Oo. Put of this 
value is ciue t o  the  losd  cerried on the  whg as a resu l t  of the wing 
prof i le  u-sed  and i t s  orientetion  relative t o  the  fuselage axis. (See 
"igs. 2 and 3 . )  The l i f t  resul ts  of f i g w e  5,  %n addition,  iadicate 
that addhg t i F  stores t o  e i ther  the w%g-fuselage or t o  the  uing- 
fusehge - t a i l  combinetiox increased  the  Eft-curve  slcne of the 
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t configuration  by  about 10 percent.  The  addition  of  tip  stores  also  pro- 
vided a s ~ l l  change  in  the  slope  of pitching-meet coefficient  with 
acgle  of  attack  in  the low angle-of-rttack  range. Some additional -And- 
tunnel  informtion  for a geonetrically s h i l a r  configure  tion  in  the h c h  
r_urliber rmge 0.50 to 0.92 showicg  the  effects  of  propeller  ogeration  is 
zvailable  ir-  reference 6. 

Steady-Roll  m-aracteristics 

Tail  contribution.-  The  vrriation of the  steady rouing dertvetives 
cyp, CnD,  and C with  angle of att&ck for the  various  nodel  config- 

uretions  with  the -An& on m e  presented  in  Tigure 7. Tne  correspooding 
date  for  the  fuselage  alone  and  fuselage-teil  combinatior?. are presented 
in figme 8. The  tail  contributioas  due to steady  roll f o r  the  various 
conf'iguretions  are  presented  in  figure 9 ar_d were  obtained by subtracting 
the vabes of the  derivatives for the  tail-off  configuration  from the 
corresponding  teil-or_  configuretion. 

- b 

The  wi-ng-off  tail  contribution to the  danping  in roll sham in  fig- 
w e  9 is  severel  times  larger  thzn  thzt  produced by a conventional 
vertical-  and  horizontal-teil  group.  This  result is to  be  expected  for 
the  gresent  x-tailed  model  because of the  large  =lues of the  ratios of 
tail s g m  to wing  span  and  total  tail  axee to ving  area 

(g 9- = 0.69). 

Of particulu  interest  in  figure 9 are  the  differences  between  the 
curves  for the wing-on a d  wing-of? configurations.  These  differences 
are  the  combined  effect of wing  and  wing-body  interference a d  represent 
the  change  in  the  effectiveness of the  tail mused by the  addition of the 
wing  to  the  fuselege-tail  combinetion. The largest  differences in the 
lox angle-of-attack  range  between Mng-on and eng-off curves for tine 
date  in  figure 9 :.rere  obtained for the damping  in roll. The  effect of 
adding the wing  to  the  fuselege-tail  conbir?ation  on  the  x-%ailed  contri- 
butim to the  dzmping  in roll, in  gecerel,  was to reduce  (that is, 

becomes  less  negative)  the  tail  contribution  to  about  one-third of the 
available  wing-off  values  for  angles of atteck  up  to  ebout loo. In the 
low  mgle-of-attack rm-ge the  e&dition of the  wing  provided no chage in 
the  lzteral-force  cierivative  but  did  indicate a chmge in  Cnp. Tkis 
chmge correspor-ds,  of  course,  to a rearward  shift  in  the  tail  ce??-ter  of 
pressure. lh general,  these  results  appeared  to  apply  whether  the  tip 
stores  were on or  off.  There would apFear to be  some  reservations  con- 
cerning  the  zctual  magnitudes of the  rearwzrd  center-of-pressure  shift 
end  the  re&actions  in Czp indLcated on figure 9 as a result of the 
scatter  shown  for  the  deta  in  figures 7 aad 8. 

% 

- 
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The resu l t s  of reference 1 tndicated tb.t the ef fec t  or" adding an  
uI-swept  wing on the  contribution of a ver t ical-  and horizon%al-tail 
group to the  steady-roll   derivatives was t o  provide a change i n  

and Cnp with a cegligible change i n  C For the  present  x-tailed 

model i n   t he  10-w angle-of-ettack  range  the  reduction i n  t i e  t a i l  contri- 
but ion  to  C with no e f fec t  on due t o  the  addition of the wing 

i s  st tr ibuted  to  the  arrangexent and s ize  of the ta i l  surfaces. 

cyP 

2P 

ZP "P 

Effect of s-lores.- Tln-e primary e f fec t  of the  stores,  as would be 
emected, was on the wing contribution  to  the  stezdy-roll   derivatives.  
(See f ig .  7. ) Tkre resul ts   indicated  that   adding  t ip   s tores   to  the wing- 
fuselage or wing-fuselage-tsil combination  provided a large  increase  in 
tne Cmping i n  r o l l  fo r  a g l e s  of attack up t o  abuczt 80. In general, 
above ebout 80 t o  an zngle of attack  near rzxixum lift (a = 150), the 
mgni tude of' w i t ?  the s tores  on was  l e s s  than  the  corresponding 

configuration with the  stores  off .  Reference 7 lndicates a similar 
trend due to   s to re s  of' decreased damping i n   r o l l  w i t h  an increase  in  
mgle of a t  tack. The r q n i t u d e  of the i rxrease   in  Czp a t  a, = Oo due 

t o  t3e addition of the  stores  expressed as e percentage of the  value of 
the  store-off cozfi_gzrs?ti.on 1s i n  agreeKent wit'k. -&e valae predicted by 
the  expression in  reference 8. The addition of the  xing-tip  stores  also 
grovided  rather  large  increases  in the slope of the leteral force  deriv- 
a t ive  with a. a t  lo-*- angles of a t tack   for  conf igcrat ions  xi th  and w i t h -  
out the x-tail end little change i n  the yaving-moment derivative Cnp 

czP 

Angulmi  ty Keaswements 

The reduction  in  the t a i l  contribution t o  the  &?ping i n  roll with 
l i t t l e  chvlge i n  the  lateral-force  derivative w2en the wing or  wing-tip- 
s tore  combination  vas dded  t o  the  fxselzge-tail  configuration  (fig. 9) 
i s  indicative of E chmge i n  the spmwise load distribution  across  the 
t z i l .  Therefore, e flow-ergle  survey  across +Ae positions occupied by 
tvo surfaces of the x - t e i l  vas mcie for the fuselage-alone,  the wing- 
fuseisge, ar-d the  -wing-fuselase-store  cor?fignatlons. The results ere 
presented in   f i gu res  10 and 11 i n  t3e form of act which i s  the rate 

2v 
of change of the  local  angle of ettack 05 m y  s tz t ion  on the tsii vi-& 
wing-tip  helFx angle. Figure 1C gives  the  variatioc of the  locel  t a i l  
angle (or floT*i engdzrity)  derivative  with model angle of a t tack for 
each of t l e   s ta t ions   inves t iga ted  and figure 11 shows a cross plot of 

8 
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the sgznwise dis t r ibut ion of - across  the t e i l  surfaces for  angles aut 
a -  P b W  
2v 

of Ettack of Oo, bo, 8O, md Z0. 

In addition to the measured data, a curve  representing  the  variation 
of - aat t ha t  vould be e q e c t e d   i n   p e r f e c t   r o l l i n g  flow at the  location 

PbW a -  2v 
of the yav  head i f  the mdel were  renoved i s  shown i n  figures 10 and 11. 
Tae curve was included  minly I"or compmison w i t h  the  fuselage-alone data. 
A consarison of the two curves a t  the l u g e  values of y  should  provide 
ESI indication of tine ove r r l l  accuracy of the test  dEta. The difrerence 
between the curves xoirld, of course,  be the combined r e s u l t  of a nurber 
of Tec-lors; however, the main contributors would be the accmecg of the 
flox-mgle neasuzements and the  accurecy w i t 3  which the rotor equipment 
a t  the  entrance  to the test   section  reprodmed  the  roll ing flow over the 
area s-mveyed. The comparison would be expected t o  be valid  only a t  the 
large  vdtzes of y since, for the  inboard stetions  tested,   such 2s 
vd-aes of y of 3 or 4 inches, for exmgle, the z'uselage and rncdel sup- 
po r t   s t ru t  vould be emected to nodify the resu l t s .  TWhen a l l  fac tors  
are  considered, the agreement shown is reasonrbly good. 

A comparison 05 r e su l t s  shown i n  figure 10 f o r  wirx-on and 7-ring-ofl' 
configurations a t  eech  spanwise  statLon  indicates thzt the effect on the 
flow-er,&srity  CerivatTve of adding the wing or wing-store  combination 
to  t'se fuselage i s  -Lo 9rovi.de =bout a constazlt change In  the  derivative 
(=cross  the t a i l  span) in the low engle-of-ettack  range. It should  be 
pointed  out  that the local   engle  of a t teck  of %he teil at was defined 
es posit ive  for  both  surface A &nd B wher? a posi t ive llft componect xas 
produceci. A s  a result, a positive  value of the  derivative  for  surface B 
i s  necessary t o  produce  dansing i n  ro l l ,  iqherees a negative  value of the 
derivative for  dms ing   i n  roll i s  necesszry  for  surfece A. Ln- the low 
axgle-oT-attack  range  the dzta of figure 10 indicate   that  the e f f ec t  
of adding %he wing chaged  the  aagula-rity  distribution so as t o  reduce 
the dExping i n  roll contributed a t  every  spznwise station  investigzted.  
Tkis f a c t  is more apparer?t i n   f i gu re  11whicE.1 presents the spanwise dis- 
t r ibut ion of the  I"lov-angulmity  derivative. 

An exmination of figclre U shows that f o r  the m o d e l  a t  zero a-n-gle 

of a t tack  a reversal   in   the  s ign of - occurred  for  the wing-on hat 
Pbkr a -  2v 

confignztiozx over the  icbomd  half of s-mfeces A uld B. As the  angle 
of r t tack  of the m o d e l  vas  increased, the spenvise  position of this sign 
reversal  shifted out5oard I'or t a i l  B until, a t  angles of' a t tack  of 12O 
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axi above (see also f ig .  lo), a h o s t  %he cmple te   t a i l   sur face  produced 1 

a inoment about  the body axis   in   the  direct ion of roll. For surface A, 
hovever, increzsi lg  the mgle  of attack of the  xodel shifted the span- 

wise location of the sign reversal  on - inboard and a t  higher Lzgles dat 

2v a -  FbW 

of attack  eliminated  the sign reversal  completely.  (See a l so   f ig .  10.) 
CX addi t iona l   in te res t   in   f igure  11 i s  the   f ac t   t ha t ,   a t  a = U0, the 
values of the zxlgulEsfty derivrtFve  for t a i l  3 over the  inboard  portion 
of the  surface  for t'ne wing-on configuration  reached magnitudes elmst 
txice as large  as  the magnitudes of the  flow-mgle  derivative  tkat vould 
be a5tained a t  t h e   t i p  of the wing. TRese k g e  negative  values  aspear 
t o  be zsEocLated with  segaated flow Trom t'Ae wing. For example, the 
dafa of' fibcure 10 for  the  inbozrd  Fortion of t a i l  surface 3 indicate that 
a lerge change in  the  angularity  derivative f o r  wing-on vzlues  occurred 
a t  u = loo. Tcese  changes were associated r.rith abru2t  negative  shifts 
in the v a k e  of Ct E t  zero roll md large  losses :E dynamic pressure 
vhicl   indicate,  of course,  separated  flow. 

CONCL'JSIONS 

The r e sg l t s  of an  izvestigatior-  to  determine  the combined ef fec t  of 
wing End wing-body interference on the  t a i l  contributions t o  the lov- 
sgeed rol l ing  s taki l i ty   der ivat ives  of a~ x- ta i l  model and t o  indicate 
the change in  the  flow-angularity  distribution due to  steady roll across 
the  surfaces  for oEe-half of the x- ta i l  indicate the folloxing 
conclusions : 

1. !%e magnitide of %he ta i l  contribution  to the d w i n g   i n  roll of 
the  corqlete zr.odel w a s  about e third of' the  Evailable  whg-off  value  for 
angles of a t tack less than 10'. 51 the low angle-of-attack  range  the 
acdi t ior  of the wing prcvicied no ckange ir?_ the t a i l  contrLbutior, t o  the 
la teral-force  der ivat ive dxe to   ro l l   bu t   i nd ica t ed  6 rearward s h i f t   i n  
the t a i l  center of pessure. These resultx appeared t o  apply  equally 
well for  configurations  with or without t i p   s to re s .  

2. Ttte spmwise  distribution of a i r - f low  aqplar i ty  a t  the tail due 
t o  steady roll for the wing-on confi,ourations a t  zero  angle of attack 
irdlcated t tet  tihe o-xLboard half of each of the two surfaces  investigzted 
prodTxed damping i n  roll whereas, for tke  inboard  half,  the  air-flaw 
angularity produce0 moaents in   the   d i rec t ion  of r o l l .  The two ta i l  sur- 
faces  investigated were the lo-Jer l e f t  and upcer right when the model 
i s  viewed frarr? the  rear. 



c 3. lncreesing  the mgle of attack for wing-on co_rltigurations in 
steedy r o l l  shifted  the spmvise position  for  the sFgn reversal on the 
f?-o%r-enadarity derivative  in e direction  inboard fo r  the  lower  left 
tail  surface m d  outboard  for  the  upper  right  tail  surface. 

4. 'Ole  adartion  of  wing-tip  stores to tiie wing-fuselage  configuration 
with and without  the  X-tail  increased  the  lift-curve slope, the  dmnping 
in roll at l o ~  angles 05 attack, and t'ne lateral-force  derivative  due  to 
r o l l .  

Langley  Aeronautical  Tkboratory, 
National  Advisory  Connittee for Aeronautics, 

Langley  Field,  Va., August 31, 1956. 
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Fuselage : 
Length. in . . . . . . . . . . . . . . . . . . . . . . . . . . .  41.85 
Fineness r a t i o  . . . . . . . . . . . . . . . . . . . . . . . . .  6.44 

Wing : 
Aspect r a t i o  . . . . . . . . . . . . . . . . . . . . . . . . . .  3.07 
Taper r s t i o  . . . . . . . . . . . . . . . . . . . . . . . . . .  0.33  
Quarter-chord sweep =&e. deg . . . . . . . . . . . . . . . . .  5.66 
A i r f o i l  section . . . . . . . . . . . . . . . . .  Modified f l a t  slate 

kea.  sq i n  . . . . . . . . . . . . . . . . . . . . . . . . . .  354.75 
S p a .  i n  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  33.00 
Ivieul aerodynanic chord. i n  . . . . . . . . . . . . . . . . . . .  11.65 

Airfoil   section t'nickness. gercent . . . . . . . . . .  Approximtely 6 

(he-half of the x-tail: 
P-spect r a t i o  . . . . . . .  
Taper ra t io  . . . . . . .  
Quarter  -chord sweep angle. 
Airfoi l   sect ion . . . . .  
Airfoi l   sect ion  thichess .  
kea .  s q  i n  . . . . . . . .  
S p n .  from t i p  t o  t ip.  i n  . 
Mean aerodyl-amic chord . . 
Tail length. 2-t. i n  . . . .  

. . . . . . . . . . . . . . . . . . .  3.55 . . . . . . . . . . . . . . . . . . .  0.38 
deg . . . . . . . . . . . . . . . . .  30.00 . . . . . . . . . . . .  Kodified f l a t  p la te  
percent . . . . . . . . . .  Agproximtely 6 . . . . . . . . . . . . . . . . . .  121.68 . . . . . . . . . . . . . . . . . . .  20.80 . . . . . . . . . . . . . . . . . . .  6.25 . . . . . . . . . . . . . . . . . . .  16.01 

Store : 
Length.in . . . . . . . . . . . . . . . . . . . . . . . . . . .  16.80 
Fineness r a t i o  . . . . . . . . . . . . . . . . . . . . . . . . .  9.31: 
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-. ?.qpre  1. - Sirstex of &yes =sed. Arrows i n ska te  ;?csitive 2irectioas. 
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L-75328 
Figure 4.- Rem view of Lhe x-bi.1 model shown at a slight angle of' oide- 

s l i p  i n  the  6-fooL-diameter rolling-flow t e s t  section of t h e  Langley 
stability tunnel. 
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Figure 10.- Variation of the  airstream  angularity  derivative a b  the t a i l  - a% with model angle 
pJ 
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o f  at tack  for  each of the spanwisc stzbions  investigated at t a i l  surfaces A and B. 
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